Background: Acetyl-CoA carboxylase (ACC) plays an important role in the metabolism of various cancer cells, but its role in head and neck squamous cell carcinoma (HNSCC) is uncertain. Therefore, in the present study, we explored the role of ACC2 in HNSCC. Methods: Western blot and immunohistochemistry assays were used to determine ACC2 protein expression levels in laryngocarcinoma and adjacent normal tissues derived from patients with laryngocarcinoma. ACC2 expression was knocked down in the hypopharyngeal cancer cell line FaDu to determine its effect on apoptosis. Lipid oil red staining was used to test the change of intracellular lipid.
INTRODUCTION
Approximately 62,000 new head and neck cancer diagnoses and more than 13,000 deaths associated with this cancer occur in the United States every year (Kabarriti et al., 2018) .
Although treatment of head and neck squamous cell carcinoma (HNSCC) has greatly
In the literature, the study in ACC2 is very little and its function is not well demonstrated. In the present study, the expression levels of ACC2 in HNSCC and normal tissues were compared using immunohistochemistry and western blot assays. Associations of ACC2 expression level with clinical stage, degree of cancer cell differentiation, and survival of patients with HNSCC were also investigated to explore the role of ACC2 in the development of HNSCC. In addition, FaDu cells, a hypopharyngeal cancer cell line, were transfected with ACC2 siRNA to determine whether knockdown of ACC2 enhanced cell apoptosis. We further used oil red staining to test whether ACC2 knockdown affected intracellular lipids in FaDu cells. The ultimate goal of these experiments was to determine whether development of compounds targeting ACC2 as therapeutic targets for HNSCC would be warranted.
MATERIALS AND METHODS

Patients and tissue specimen preparation
All tissue samples (carcinoma and para-carcinoma tissues) from patients diagnosed as having laryngocarcinoma were collected at the First Affiliated Hospital of Anhui Medical University from 2012 to 2013. No distant metastases were found in any patient before surgery, and these patients were followed-up for 5 years after surgery to determine the survival rate (Table 1) . Specimens were collected after receiving written informed consent from the participating patient. This study was approved by the Ethics Committee of Anhui Medical University (Ethical Application Ref: 20150192) . The procedures were performed in accordance with the Declaration of Helsinki and good clinical practice.
Cell culture, transfection, and regents
The FaDu cells and NP69 cells were purchased from American Type Culture Collection. The FaDu cells or NP69 cells were cultured in minimum essential medium Eagle's (Mod.) or 1,640 medium (Wisent, USA) supplemented with 10% fetal bovine serum (Gibco, USA) and antibiotics (100 KU/L penicillin and 100 mg/L streptomycin) in an incubator at 37 C with 5% CO 2 . The FaDu and NP69 cells were transiently transfected with ACC2 siRNA (sense, CCUGCCUACUUUCUUCUAUTT; antisense, AUAGAAGAAAGUAGGCA GGTT) (GenePharma, Shanghai, China) using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) following the manufacturer's instructions and were cultured for another 48 h before being used in experiments.
Western blot assay
The protein levels in FaDu cells or NP69 cells or in specimens were assessed by western blot assay. Briefly, the cells from different treatment groups or specimens were treated with RIPA lysis buffer (strong; Sigma, Ronkonkoma, NY, USA) on ice. The samples were then centrifuged at 4 C and 12,000Âg for 20 min. The protein was extracted from the supernatant, and the remaining supernatant was mixed with loading buffer using a ratio of 4:1 at 100 C for 10 min. An equal amount of protein (30 mg) was loaded onto a gel for sodium dodecyl sulfate polyacrylamide gel electrophoresis and then transferred to a polyvinylidene fluoride membrane (Millipore, Burlington, MA, USA). The membranes were blocked with 5% nonfat milk for 1 h at room temperature and then incubated in 5% nonfat milk containing primary antibodies at 4 C overnight. The membranes were incubated with the secondary antibody for 1 h at room temperature. Visualization of the secondary antibody was accomplished using an ECL detection system (Shanghai Peiqing Technology Co., Ltd, Shanghai, China). The optical density (OD) of each protein band was measured using the free software Image J (National Institutes of Health, Bethesda, MD, USA) and was normalized to β-tubulin (Biosharp, Hefei, China), which had been located in the same lane. The following primary antibodies were used in this study: rabbit anti-ACC2, rabbit anti-Bax, rabbit anti-Bcl-2, and rabbit anti-Caspase 3 (all antibodies were from Cell Signaling Technology, Danvers, MA, USA).
Immunohistochemistry
Human laryngeal carcinoma tissues from patients were obtained during clinical surgery. Specimens were fixed with 4% paraformaldehyde and embedded in paraffin. The specimens were cut into five mm-thick sections, deparaffinized, and dehydrated. 
Note:
The table is showing that characteristics of patients with laryngeal carcinoma (n = 51). P = 0.3179 for ages > 60 vs. ages 60. P = 0.2343 for male vs. female. P = 0.6418 for ever smoke vs. Never smoke. P = 0.6976 for ever alcohol vs. Never alcohol. P < 0.0001 for stages I and II vs. stage III. P = 0.0007 for alive vs. deceased. P < 0.0001 for low ACC expression vs. high ACC expression.
Antigen retrieval was accomplished by heating the sections in citrate buffer in a microwave oven for 15 min. The sections were then incubated with hydrogen peroxide (3%) for 30 min to destroy endogenous peroxidase activity. Subsequently, the sections were incubated with primary antibody to ACC2 (#3661; Cell Signaling Technology, Danvers, MA, USA) overnight at 4 C prior to incubation with an anti-rabbit secondary antibody (Biosharp, Hefei, China). After being treated first with horseradish peroxidase and then with 3,3′-diaminobenzidine, the sections were counterstained with hematoxylin, dehydrated, cleared, and mounted. For the negative control group, the primary antibody was omitted. Images of stained sections were captured using a light microscope and analyzed with Image Pro Plus 5.1 (Media Cybernetics, Rockville, MD, USA) software.
TUNEL analysis
The terminal deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL) assay was conducted using a TUNEL kit (Vazyme, Najing, China) following the manufacturer's instructions. Images were captured using fluorescence microscopy and analyzed with Image J software.
Cell proliferation assay
The proliferation of FaDu and NP69 cells was tested by CCK8 Cell Counting Kit (Santa Cruz Biotechnology, Dallas, TX, USA). The cells were seeded on 96-well plates and transfected with ACC2 siRNA and scrambled siRNA, respectively. Incubated for 48 h in a 37 C 5% CO 2 incubator. Then, 10 mL of CCK8 solution was added to each well. After following incubation for 2 h, the absorbance of each well was measured at 450 nm. The data were expressed as OD.
Lipids oil red stain
The intracellular lipids stain is following the manufacturer's instructions of Oil Red O staining kit (Jiancheng Biotech, Nanjing, People's Republic of China). All specimens were washed with 40% isopropyl alcohol and distilled water. Images were captured using an light microscope and analyzed with Image J software.
Statistical analysis
SigmaPlot software was used to analyze all data. Data are expressed as means ± SEM. Two-tailed, unpaired Student's t-tests were used to compare the results between groups. Values of P < 0.05 were considered statistically significant.
RESULTS
Increased ACC2 expression in patients with laryngocarcinoma
We demonstrated that the p-ACC expression level was significantly higher in laryngocarcinoma tissue than that in the adjacent tissue (Fig. S1 ), which was consistent with Su et al. (2014) Findings. Importantly, we used immunohistochemical analysis to evaluate ACC2 expression levels in laryngocarcinoma tissues obtained during surgery as clinical specimens from patients with laryngocarcinoma (Table 1 ). The ACC2 expression pattern differed between laryngocarcinoma and the adjacent normal tissues (Figs. 1A and 1B) . In addition, the ACC2 expression level, represented as an integrated optical density (IOD) value, was significantly higher in laryngocarcinoma tissue than that in the adjacent tissue ( Fig. 1C ; Table 1 ). The results of western blot analyses of these tissues were consistent with this finding, that is, ACC2 protein expression levels in laryngocarcinoma tissue were significantly than higher than those in the adjacent normal tissue (Figs. 1F and 1G ). The laryngocarcinoma specimens used in immunohistochemical analysis were then analyzed to determine whether an association existed between the level of ACC2 expression and the clinical cancer stage or the degree of cell differentiation. Each patient's clinical stage was classified as one of three stages (I, II, or III, with III being more advanced) based on the tumor-lymph node-metastasis (TNM) classification system. As shown in Fig. 1D , the ACC2 expression level for patients with stage III laryngocarcinoma was significantly higher (represented as a higher IOD value) than that for patients with stage I and II. Regarding a relationship between the degree of cell differentiation and the level of ACC2 expression, our results indicated that the ACC2 expression level was inversely associated with the degree of differentiation of the laryngocarcinoma cells, that is, the more poorly differentiated the cancer cells, the higher the ACC2 expression level (Fig. 1E) . In summary, our findings indicated that ACC2 protein was highly expressed in laryngocarcinoma tissue and that the ACC2 expression level was significantly higher in patients with a more advance clinical stage and was significantly lower in patients having well-differentiated laryngocarcinoma cells.
ACC2 expression level association with patient survival
Immunohistochemistry was performed to determine the ACC2 expression level in laryngocarcinoma tissue. The patients were divided into two groups, low ACC2 and high ACC2, based on the level of ACC2 expression. A total of 5-year patient survival data were obtained and the Kaplan-Meier method was used to investigate the association of survival time with ACC2 expression. As shown in Fig. 2 , patients in the low ACC2 expression group survived longer than those in high ACC2 expression group. This result that ACC2 overexpression is associated with reduced 5-year survival in patients is consistent with our finding that ACC2 is higher in tissue from patients with a more advanced stage of laryngocarcinoma. 
Knockdown of ACC2 decreases intracellular lipids levels and enhances FaDu cell apoptosis
Because we demonstrated in the present study that ACC2 is highly expressed in laryngocarcinoma and the prognosis for patients with laryngocarcinoma is poor owing to its rapid metastasis and growth, we next explored whether ACC2 affects apoptosis and proliferation in HNSCC. The FaDu cell line was derived from a hypopharyngeal carcinoma, a type of HNSCC. The NP69 cell line was derived from human nasopharyngeal epithelial cells, which was used as control cell line. Western blot analyses results showed that the expression level of ACC2 in FaDu cells was significantly higher than that in NP69 cells (Figs. 3A and 3B ). Next, we used western blot analyses to detect protein expression levels for ACC2, bax, caspase 3, and bcl-2 in FaDu cells transfected with scrambled or ACC2 siRNAs. Our results indicated that the expression levels of ACC2 and bcl-2 proteins were markedly and significantly decreased, whereas those for bax and caspase 3 proteins were significantly increased, in FaDu cells transfected with ACC2 siRNA compared with those transfected with scrambled siRNA (Figs. 3C, 3D and 4A-4D).
To examine apoptosis, we performed a TUNEL staining experiment. The results showed that more green fluorescence (representing apoptotic cells) was observed in FaDu cells transfected with ACC2 siRNA than in FaDu cells transfected with scrambled siRNA (Fig. 4E) . Knockdown of ACC2 markedly increased apoptosis rates in FaDu and NP69 cells ( Fig. 4F; Fig. S2 ). Additionally, we tested the effect of knockdown of ACC2 on the proliferation in Fadu and NP69 cells via ACC2 siRNA. Our results showed that ACC2 siRNA did not significantly affect the proliferation of FaDu and NP69 cells (Figs. 3C-3F,  5A and 5B). To investigate the cause of FaDu cell apoptosis induced by ACC2 knockdown, intracellular lipids levels were detected. The results showed that the lipids levels of cells transfected with ACC2 siRNA were significantly reduced, compared to those of cells transfected with scrambled siRNA (Fig. 6) . Therefore, we demonstrated that knockdown of ACC2 accelerated FaDu cell apoptosis, possibly by interfering with intracellular lipids synthesis.
DISCUSSION
In the present study, we explored the role of ACC2 in laryngocarcinoma based on patient cancer stage, degree of cancer cell differentiation, patient survival time, and cell apoptosis. Our major findings were as follows: (1) ACC2 was highly expressed in laryngocarcinoma vs. adjacent normal tissues; (2) tissue from patients with a more advance clinical laryngocarcinoma stage expressed more ACC2 than that from patients in earlier clinical stages. The ACC2 expression level was inversely associated with the degree of differentiation of laryngocarcinoma cells; (3) high ACC expression was associated with decreased 5-year survival after surgery among patients with laryngocarcinoma; (4) ACC2 was highly expressed in FaDu cells compared to NP69 cells. (5) Knockdown of ACC2 in FaDu cells enhanced cell apoptosis but not significantly affected cell proliferation.
(6) Knockdown of ACC2 in FaDu cells significantly decreased intracellular lipids levels. Taken together, our results suggest that ACC2 may play an important role in HNSCC apoptosis and indicate that the prognosis of patients with laryngocarcinoma is associated with ACC2 expression level. Therefore, ACC2 may be a potential therapeutic target in the treatment of HNSCC. Laryngocarcinoma is one of the most common malignant neoplasms of the head and neck (Mouawad et al., 2014) . In recent years, the incidence of laryngocarcinoma has increased, and this increase may be related to air pollution (Bobdey, Jain & Balasubramanium, 2015; Josyula et al., 2015) . Despite receiving comprehensive treatment for laryngocarcinoma, the 5-year survival rate for patients is low and the prognosis of patients with advanced stage laryngocarcinoma is still poor. Therefore, creating new treatments for laryngocarcinoma is important. The association of cancer cell differentiation with clinicopathological characteristics is shown in Table 1 . Multivariable analysis indicated a significant association between cancer cell differentiation and TNM stage, survival status, and ACC2 expression, but indicated no significant association between high or middle or low differentiation and ages, gender, smoking, and drinking. Therefore, expression level of ACC2 is closely related to the prognosis of tumor. Several studies have shown that the LKB1-AMPK-ACC signaling pathway plays a non-negligible role in the development of tumors, including breast, prostate, ovarian, and hepatocellular carcinomas (Yang et al., 2018; Galdieri et al., 2016; Jeong et al., 2017) . Acetyltransferase has also been shown to have an important role in the occurrence of some tumors Dou et al., 2018; Zhang et al., 2018) . ACC is a substrate for acetyltransferases, key enzymes in fatty acid synthesis. Low ACC expression results in decreased intracellular lipid synthesis (Olsen et al., 2010) . In addition, ACC plays a particular role in the development and progression of cancer through its involvement in the intracellular homeostasis of fatty acids (Beckers et al., 2007) . Previous studies have indicated that ACC is highly expressed in various tumor tissues, including malignant melanoma and other malignant neoplasms Kapur et al., 2005; Saab et al., 2018) . Therefore, inhibition of ACC may be a new target for the treatment of malignant tumors. In previous study from other group (Su et al., 2014) , the result showed that overexpressed p-ACC is important for evaluating HNSCC prognosis. In this study, we also demonstrated that the expression level of p-ACC was significantly increased in HNSCC tissues. More importantly, we also provide new evidence that ACC2 expression level is markedly higher in laryngocarcinoma tissue than in the adjacent normal tissue and higher in a late vs. an early clinical stage. Moreover, we also showed that the ACC2 expression level is inversely associated with the degree of laryngocarcinoma cell differentiation, and negatively associated with the 5-year survival rate. Our data using FaDu cells also demonstrated that transfection with ACC2 siRNA significantly decreased intracellular lipid levels and enhanced cell apoptosis. Taken together, our findings indicate that ACC2 may be involved in the diagnosis, development, progression, and prognosis of HNSCC.
CONCLUSIONS
We demonstrated that ACC2 expression levels were higher in laryngocarcinoma tissues than in normal tissues, higher in later than in earlier clinical stages of laryngocarcinoma, and inversely associated with the degree of laryngocarcinoma cell differentiation. Higher ACC2 expression was associated with reduced five-survival rates in patients with laryngocarcinoma. Knockdown of ACC2 in FaDu cells enhanced apoptosis and decreased intracellular lipids levels, which suggested that knockdown of ACC2 enhanced FaDu cell apoptosis, possibly by interfering with intracellular lipid synthesis. Thus, we propose that the development of ACC2-based targeted therapy in the treatment of HNSCC is warranted.
ADDITIONAL INFORMATION AND DECLARATIONS Funding
This work was supported by grants from the National Natural Science Foundation of China (Grant No. 81371284, 81570403, U1732157) , the Anhui Provincial Natural Science Foundation (Grant No. 1408085MH157, 1708085MH187, 1808085MH252), the Science and Technology Research Project of Anhui Province (Grant No. 1501041147), and the Natural Science Foundation of Anhui Province Department of Education (Grant No. KJ2018ZD021). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
Grant Disclosures
The following grant information was disclosed by the authors: National Natural Science Foundation 
